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ABSTRACT
THE ROLE OF THE LIVER IN THYROID HORMONE METABOLISM

AS STUDIED BY RADIO-IODINE IN INTRA -SPLENIC THYROID
AUTOTRANSPLANTS

OBJECT

To study the role ofthe liver in the metabolism of thyroid hormone
by investigating the effect of preportdl transplantation of the thyroid
gland on the level of serum protein-bound radioactive iodine as a
measure of the removal or inactivation of endogenously labeled thyroid
hormone by the interposed liver. .

RESULTS AND CONCLUSIONS

The expérimental method devised, using radioactive iodine,
permits Sequential observations in a given animal, of the functional
"take' and capacity of thyroid transplants as well as ultimate cor-
relation with the adequ}aqy“of the thyroidectomy. Failure of the intra-
splenic transplanted thyroid to effectthe classical post-thyroidectomy
flattening of the weight curve or serum levels of protein-bound iedine
comparable to thyroidectomized animals indicate that the liver does
not completely remove thyroid hormone., This is further confirmed
bylack of any definite evidence of a compensatory thyroid hyperplasia,
hyperfunction or adenoma forimation. The data do, however, indicate
a partial removal or inactivation by the liver of labeled thyroid hor-
mone delivered to it under these experimental conditions.

RECOMMENDA TIONS

Studies of the Fate and amount 6f Filiary excretion of radioactive
iodine, both as the iodide and protein--bound forms, should be carried
out as correlative indices of removal of thyroid hormone by the liver.
Histological studies of the pituitary and estimation of thyrotropic




hérmone reléase (when a satisfactdpry rnethod is available) are indi-
L cated for a imore complete understanding of the effect of hepatic
removal of thyroid hormone on the thyroid- p1tu1tary axis,
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THE ROLE OF THE LIVER IN THYROID HORMONE METABOLISM
AS STUDIED BY RADIO-IODINE IN INTRA-SPLENIC THYROID
AUTOTRANSPLANTS

I. INTRODUCTION

Theé role of the liver in the imetabolism of thyroid hormore is fot
clear. Early studies suggesting such a role (1) used relatively large
amounts of exogenous hormonal principles. More recently, Gross
and Leblond 2, 39, using intravenous injéections of radioactively
labeled thyroxiné in .animals, found significantlocalization in the liver,
gastrointestinal tract and the feces. This report deals with the study, 1
in rats, of radioadctive iodine (I-131)uptake in thyroid tissueautotrans- ‘
planted into the spleen and the subsequent levels of plasma protein-
bound I-131 as an indirect measure of the removal by the interposed
liver of suéh endogenously labeled thyroid hormone. In independent
studies, using similar experimental conditions, Gabe and Arvy (4),
basing their égp_clusions on histological studies, stated that the liver
completely removed thyroid hormone whefezs Bondy (5)-concluded on
the basis of protein-bound stable iodine levels, in a small number of
animals, tfat the liver did not destroy and excrete thyroid hormone
to a significant extent.

JRpRU—

II. EXPERIMENTAL

A, Methods i

Four groups of male, albino, Sprague-Dawley rats {150-250
grams), maintained on stock Putina .La.f)oratory Diet, were ﬁfeparsd
using intraperitoneal Nembutal anesthesia:~ I. Thyroidéctémized;
II. Thyroidectomized, with thyroid gland implanted in the animal's
right axilla, within muscle; III. Thyroidectomized, with the thyroid
gland implanted in a splenic pouch; and IV. Sham -operated ' controls,
These four groups were studied, as outlined below, 34 to 39 days
post-operatively. A fifth group of 11 animals, thyroidectomized with

= - - gplenic implants, was followed for over one year before sacrifice.
Each animal was injected intra-peritoneally at completion ‘of the op-
erative procedure with 10 c.c. of calcium ¢hloride (10%) in "isotonic
glucose solution, and was maintained onthig solution as drinking water
for seven days, followed thereafter by tap water, Weights were re-
corded pgriddicalv.ly;




For preliminary "'scanning' studies, 5 uc of carrier free I-131,
in 1 c.c. .of either s‘a‘h“ﬁe or Krebs-Henseleit buffer, were injected
intravenously (leg vein),. Atintervals after injection, external gamma
counts were obtained by liolding the fegion of the animal to be:counted
up to a lead collimated G-M tube (6 mm. window), connected to a
.count-rate meter. ‘

For plasma I-131 levels and uptake studies, about 15 yc I-131
were injected intravenously. Blood was obtained at two and twenty-
four hour levels by direct cardiac puricture in an immobilizeéd, un-
anesthetized animal. The protein-bound J=131level was determined by
Trichloracetic acid precipitation (6); expressed as PBII31l x 100 ,

: Total plasma Il31
Uptake and conversion of 12131 by transplantedtissue were deterimined
by alkaline hydrolysis and fractionation (7). By direct cannulation of
the bile ducts of anesthetized animals it was possible to obtain suffi =
cient bile at:orié and two hour ihtervals after.injection to obtain pre-
lirminary data.

At the time of sacrifice a thorough search was made for residual
thyroid tissue in the neck, using a G-=M tube for scanning .purpeses
plus «cateful dissection; minute residual fragments could be detected
in this way, The presence of adhesions between the spleen and
abdominalwall'or other organs wasnoted. The transplantand ‘residual
neck thyroid tissue (if present) were removed for I-131 uptake -and
firactioriation determinations, and for radiocautography on Eastman
NTB plates, 50 mu. thick. Other orjgan specimens were fixed in
Bouin's solutién for histological examination..

B, RESULTS

Only one :of the 16 splenit: transplanted animals died post-
operatively. Viable I-131 concenirating tissue was found in 100% of
the transplants, including those animals foundto have residual thyroid
tissue in the neck. There was no gross evidence of thyroid hyper-
plasia, hyperfunction or adenoma formation in the transplants (Figs.
1 and 2),

The thyroidectomizéd animals showed the classical "'flattening"
of the weight carve post-opératively, whereas the weight curves for
the axillary and splenic transplant animals were similar to the normal,
sham -operated controls {Table 1). The splenic transplanted animals
of group V showed a progressive weight gain to values of 520-650
grams at the end of one year.




i TABLE 1 |
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Scanning of body areas by the use of a collimated G-M tube and
count-rate meter made it possible to confirm and follow at intervals
in the samie animal the presence of a functioning transplant and any
residual cervical thyroid tissue. In normal animals there was a
g’ria,dual, progressive rise in counts over the thyroid area for the first
24-48 hours; a comparable rise oVer the splenic area {attributed . .to
contiguous strictures, chiefly kidney) occurred over the first 4-%
i - hours, followed sharply by a steady decrease. In adequately thyroid-
-5 ec¢tormnized animals, the count over thée thyroid area showed a ~sharp,
progressive drop after 4 hours; residual tissue was suggested by a
persistently high count beyond this timé interval and confirmed, in
each instance, by post mortem examinations., Similarly a persistently
high lével of radioactivity over the splenic area beyond 6 hours sug-
gested a functioning transplant, confirmed at time of examindtion.
The PB I=131 values at 24 hours following I-131 injection are pre-
sented in Table 1. Residual cervical thyroid fragments were found

in five operated animals. In four of these, the PB I-131 values ;z
£ equalled or approachedthose of the sham -operated controls (av. = 20. 9 N
] +5.9). Analysis of the percentage of I-131 organically bound in 24 f

hours following upiake by transplant tissue in five animals revealed
an average of 72.6110. 9%, a valué in general agreement with .those
found in normal rat thyroids {7).
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III, DISCUSSION

Thedata presented suggestthat the liver rémoves or inactivates,
1 in part, thyroid hormone delivered to it under the conditions outlined.
Failure to effect an athyrotic weight curve or to obtain the low PB
1-131 values of surgically thyroidectomized animals ihdicates ‘ that
the liver ciq’es not completely remove the hormone, as concluded
from .histo}?gical studies of the pituitary, liver and adrenals, by

by
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Gabe and Arvy (4), who published no further data relative to the
weight curves or metabolic status of their experimental animals. In
the paper by Bondy (5), Who «concluded that there was no significant
hepdtic destruction or excretion on the. basis of control values of
serum protein bound stable iodine levels in three surviving animals,
the possibility of residual thyroid tissuie or adhesions by-passing
hepatic circulation was not ruled out. It has beeén shown by Reinhardt
(8): that about 50% of rats subjected to surgical thyroidectomy still
contain cervical iodine -concentrat1ng tissue, and we found that =even
minute residual fragments resulted in PB I-131 wvalues.' at” 'or ap-
proaching control levels.

It is further to be noted that inasmuch as the PBI level is thé
resultant of the two processes of delivery to and removal from %he
vascular compartment, anyjiinterpretationof hormonal delivery, based
on such levels, ‘rests on the z..sumption that the ''peripheral utiliza-
tion'" of the hormmone is not significantly altered. Knowledge concerning
this parameter of thyroid function is limitéd. “The data presented

herein mightthus be interpreted as representing an increased rate of

hormonal utilization in the face of an unaltered delivery from the
thyroid, through the liver, to the c¢irculation, It is of some interest
that the concept of partial hepatic. inactivation of thyroid hormone is
similar to that most recently prbpostd for the metabolism of the
estrogeénic hormones {9).

IV. SUMMARY

‘The role of the liver in the metabolism of -.endoge._nou_s thyroid
hormone; labeléed by I-131 in splenic autotransplants has been studied.
The method. permits serial observations on the functional '"take' of
the transplants, as well asthe determination of uptake and conversion
of iodide and the level of .abeled protein-bound iodine. The data
suggest a partial removal or inactivation of thyroid hormone by the
liver under these experimental conditions.

'V. RE COMMENDATIONS

D*cutnes of the rate ano. amount of n111ary excreuon oi ra(uoé.cuve,
iodihz, both as the 1od;de and protein-bound forms, should be carried
out as correlative 1nd1‘.es of réemoval of thyroid hormone by the liver.
Higtological studies of the pituitary and estimaticn of thyrotrepic
hormone release (when a satisfactory method is available) are indi-
cated for a more complete understanding of the effect of hepatic
removal of thyroid hormone on the thyroid-pituitary axis,
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FIGURE 1. TRANSPLANTED THYROID GLAND INTIMATELY
) ASSOCIATED WITH SPLEEN AND PANCREAS.
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. with the adequacy. of the thyroidectomy, Fallure of the intrasplenic transplanted
thyrold to effect the classical post-thyroldectomy flattening of the weight curve or
serum levels, of protein-bound iodine comparable to thyroldectomized animals
indicate that-the liver.does not.completely remove.thyroid hormone,: Further
confirmation of this 1s given by lack of any definite evidence of 2 compensatory
thyrold hyperplasia, hyperfunction, or adenoma formation. It ls concluded that
the data do Indicate a partial removal or inactivation by the liver of labeled
thyrold hormone delivered to it under these experlmental conditions.
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